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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions and listings of claims in the 
application: 

1 . (Currently Amended) A laser comprising: 

a laser medium comprising H 2 (1/p) where p is an integer and 1 < p < 137, 
a cavity comprising the laser medium , and 

a power source to form an inverted population in an the energy level of H 2 (1/p). 

2. (Original) The laser of claim 1 further comprising cavity mirrors and a 
laser-beam output. 

3. (Currently Amended) The laser of claim 1 wherein the power source 
forms excited vibration-rotational levels of H 2 (1/p) and lasing occurs with a stimulated 
transition from at least one vibration-rotational level to at least another lower-energy- 
level other than one with a significant Boltzmann population at the cell neutral-gas 
temperature such as ono with both v and J ■ O wherein the vibration-rotational levels of 
H 2 (1/p) comprise the inverted population. 

4. (Currently Amended) The laser of claim 1 wherein the laser light is 
within the range of wavelengths of at least one of from about infrared, visible, ultraviolet, 
extreme ultraviolet, te and soft X-ray. 

5. (Currently Amended) The laser of claim 1 wherein the laser medium- 
may further comprises an activator molecule. 
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6. (Currently Amended) The laser of claim 5 wherein the activator 
molecule is at l oast ono of chosen from 0 2 , N 2 , C0 2 , CO, N0 2 , NO, and X X' where each 
of X and X' is a halogen atom that may be the same or different . 

5. (Cancelled) 

6. (Cancelled) 

7. (Currently Amended) The laser of cla i m 6 claim 150 f urther 
comprising a particle beam. 

8. (Original) The laser of claim 7 wherein the particle beam is an electron 

beam. 

9. (Currently Amended) The laser o f c l a i m 6 claim 150 wherein the 
power source accelerates the energetic spoc i os particle . 

1 0. (Currently Amended) The laser of claim 9 wherein the power source 
to causo onorgotic spoc i os may bo is chosen from at least one of a particle beam such 
as an oloctron boam and microwave, high voltage, and RF discharges. 

1 1 . (Currently Amended) The laser of claim 5 further comprising a 
means to energetically excite the activator molecule such as at loast ono of comprising 
at least one of a particle beam such as an o l octron boam , microwave, glow, and RF 
discharge power. 

1 2. (Currently Amended) The laser of claim 1 wherein the pump i ng 
power source may comprises a particle beam boan such as an o l octron boam . 

1 3. (Currently Amended) The laser of claim 1 2 wherein the particle 
beam energy may bo i n tho rango of about ranges from 0.1 to 1 00 MeV, preferab l y on 
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tho rango of about 1 0 oV to 1 MoV, moro proforably i n tho rango of about 1 00 oV to 1 00 
koV, and most proforably in tho rango of about 1 koV to 50 koV . 

1 4. (Currently Amended) The laser of claim 1 2 wherein the particle 
beam current may bo in tho rango of about ranges from 0.01 uA to 1000 A, pr o f o rab l y 
on tho rang e of about 0.1 pA to 100 A, more proforab l y i n tho rang e of about 1 uA to 1 0 
A, and most proforab l y i n tho rango of about 10 uA to 1 A . 

1 5. (Original) The laser of claim 3 wherein the vibrational energies are 
given by 

£^ = /? 2 0.515902eV 
and the rotational energies are given by 

%m = - - jlJ + 1] = PV + 1)0.01509 eV 

within at least one of about ±20%, ±10%, and ±5% where p is an integer greater than 
one and J is an integer. 

1 6. (Currently Amended) The laser of claim 3 where the energies of the 
emission is are given by 

wherein 

£U„=t*> 2 0.5!59eV 

l00hJ&06573Xl<? ^--p 2 0.5\59 ev) 

-v(v ~~ l)(l,23981 X ICT 4 ) > . ^ r-^- eV 

K A J 4e(p 2 4A51 eV+ p 3 0.326469 eV) 
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and the rotational energies are given by 



jE w m £ /+I -^»y[J+l]= /(J + 1)0.01509 eV 



within at least one of about +20%, ±10%, and ±5% where v = 0, 1 ,2, 3... integer, p is an 
integer greater than one, and J is an integer. 

1 7. (Currently Amended) The laser of claim 1 wherein the medium is- 
comprises at least one of H 2 (1/12), H 2 (1/13), and H 2 (1/14). 

1 8. (Currently Amended) The laser of claim 1 7 wherein the wavelength 
is usefu l for EUV l i thography in tho rango of of laser light ranges from 5-20 nm. 

1 9. (Currently Amended) The laser of claim 2. cla i m 18 wherein the 



coatings such as d i str i buted Bragg ref l ectors . 

20. (Original) The laser of claim 1 9 wherein the wavelength is at least one 
of about 13.4 nm and 1 1 .3 nm and the mirrors comprise Mo:Si ML. 

21 . (Currently Amended) The laser of cla i m 1 claim 2. wherein the exit 
for the beam output is comprises an ultraviolet transparent window such as a MrFg - 

22. (Currently Amended) The laser of claim 1 claim 2. wherein the beam 
output is comprises a differentially pumped pin-hole optic. 

23. (Currently Amended) The laser of claim 8 wherein the cavity further 
comprises an electron windo w such as a S i N K , foil w i ndow . 





mirrors comprise multilayer, thin film 
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24. (Currently Amended) The laser of claim 3 wherein the emission is 
due to at least one of the transitions P(1), P(2), P(3), P(4), P(5), and P(6) of H 2 (1/4) at 
about 1 54.94 nm, 1 59.74 nm, 1 65.54 nm, 1 71 .24 nm, 1 78.1 4 nm, and 1 83.1 4 nm, 
respectively, and transitions between these corresponding states. 

25. (Withdrawn - Currently Amended) A laser comprising: 

a plasma forming cell or reactor for the catalysis of atomic hydrogen producing 
power, a continuous stationary inverted H 2 (1/p) population where p is an integer and 1 < 
p < 137, and novel hydrogen species and compositions of matter comprising new forms 
of hydrogen, 

asource of catalyst, 

asource of atomic hydrogen, and 

means to form and output a laser beam. 

26. (Withdrawn) The laser of claim 25 wherein the cell is capable of 
maintaining a vacuum or pressures greater than atmospheric pressure. 

27. (Withdrawn) The laser of claim 25 wherein the catalysis of atomic 
hydrogen generates a plasma, power, and novel hydrogen species and compositions of 
matter comprising new forms of hydrogen. 

28. (Withdrawn - Currently Amended) The laser of claim 25 wherein the 
means to form and output a laser beam comprises a cavity, cavity mirrors, and a beam 
output. 

29. (Withdrawn - Currently Amended) The laser of claim 28 wherein the 
cavity comprises a reactor to catalyze atomic hydrogen to lower-energy states , and the 
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reactor is chosen from such as an rt-plasma reactor, a_plasma electrolysis reactor, a_ 
barrier electrode reactor, an_RF plasma reactor, a_pressurized gas energy reactor, a_ 
gas discharge energy reactor, a_microwave cell energy reactor, a combination of a glow 
discharge cell and a microwave reactor, a combination of a alow discharge cell and/ef 
an RF plasma reactor, and an electron-beam plasma reactor. 

30. (Withdrawn - Currently Amended) The laser of claim 25 wherein the 
reactor comprises a source of hydrogen; one of a solid, molten, liquid, and gaseous 
source of catalyst; a vessel conta i n i ng comprising hydrogen and the catalyst wherein 
the reaction to form lower-energy hydrogen occurs by contact of the hydrogen with the 
catalyst; and a means for providing the lower-energy hydrogen product H 2 (1/p) to the 
laser cavity to comprise the laser medium. 

31. (Currently Amended) The laser of claim 1 . wherein the laser medium 
comprises a plasma maintained bv a particle beam, and wherein the cavity comprises a 
reactor to catalyze atomic hydrogen to lower-energy states , and a plasma i s ma i nta i n e d 
by a part i c le b e am such as an ele ctron boam . 

32. (Withdrawn - Currently Amended) The laser of claim 25 wherein [[a]]the 
plasma provides atomic hydrogen, or the cell further comprises a dissociator such as a 
filament, or metal such as platinum, palladium, titanium, or nickel that forms atomic 
hydrogen from the source of atomic hydrogen. 

33. (Withdrawn) The laser of claim 25 where the source of catalyst is an 
excimer. 
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34. (Withdrawn - Currently Amended) The laser of claim 33 wherein the 
excimer is at least one of chosen from He?*. Ne 2 *, Ne 2 *, and Ar 2 * A and the catalyst is 
chosen from He + . Ne + , Ne + /H + ef-and_Ar + . 

35. (Withdrawn) The laser of claim 33 wherein the excimer is formed by a 
high pressure discharge. 

36. (Withdrawn) The laser of claim 35 wherein the discharge is one of a 
microwave, glow, RF, and electron-beam discharge. 

37. (Withdrawn - Currently Amended) The laser of claim 25 comprising a 
noble-gas-catalyst source-hydrogen mixture which is maintained at high pressure in the 
range of about 100 mTorr to 100 atm , preferab l y i n tho rango of about 1 0 Torr to 1 0 
atm, moro proforably i n rango of about 100 Torr to 5 atm, and most pr o f o rab l y i n th o 
rango of about 300 Torr to 2 atm . 

38. (Withdrawn) The laser of claim 25 further comprising a source of 
ionization to form the catalyst from the source of catalyst. 

39. (Withdrawn) The laser of claim 38 wherein the source of ionization to 
form the catalyst from the source of catalyst is at least one of an electron beam and an 
ionizing species. 

40. (Withdrawn - Currently Amended) The laser of claim 39 wherein the 
ionizing species comprises i s-an ion such as 0 + . 

41 . (Withdrawn) The laser of claim 39 wherein the ionizing species reacts 
with a source of catalyst comprising a noble gas excimer to form the catalyst. 
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42. (Withdrawn) The laser of claim 41 wherein the source of catalyst is Ar 2 *, 
the ionizing species is 0 + which reacts to form the catalyst according to the reaction: 

Ar 2 *+ 0 + -> Ar + Ar + + O 

43. (Withdrawn - Currently Amended) The laser of claim 25 wherein the 
catalysis of hydrogen is maintained by a particle beam, microwave, glow, or RF 
discharge plasma of a source of atomic hydrogen and a source of catalyst such as 



44. (Withdrawn - Currently Amended) The laser of claim 39 wherein a 
species such as oxygon may reacts with the source of catalyst such as Ar 2 to form the 
catalyst such as Ar + . 

45. (Currently Amended) The laser of claim 1 wherein the [[he]] H 2 (1/p) 
pressure is maintained in the range of about 0.1 mTorr to 10,000 Torr , proforab l y tho H 2 
(1/p) prossuro i s i n tho rango of 10 mTorr to 100 Torr; moro proforab l o tho H 3 (1/p) 
prossuro is i n tho rango of 10 mTorr to 10 Torr, and most proforab l y, tho H a (1/p) 
prossuro is i n tho rango of 10 mTorr to 1 torr . 

46. (Currently Amended) The laser of claim 1 4 wherein the H 2 (1 /p) flow 
rate ranges from is proforab l y about 0-1 standard liters per minute per cm 3 of vessel 
volume and moro proforably about 0.001 1 0 seem por cm 3 of vosso l vo l ume . 

47. (Currently Amended) The laser pf_claim ^ 1 wherein[[,]] the power 
density of the source of pump i ng power such as th e ele ctron - b e am pow e r i s pr e f e rab l y 
in tho rango of ranges from about 0.01 W to about 1 00 W/cm 3 vessel volumes 

b l y it is in tho rango of about 0.1 to 1 0 W/cm 3 voss ol volume . 
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48. (Currently Amended) The laser of claim 5 wherein the mo l o fraction 
ef-activator molecule comprises a gas i s in the rango of having a mole fraction of 
0.001% to 90% . Proforab l y it i s i n tho rango of about 0. 01% to 10%, and most 
proforab l y i t i s in tho rango of about 0. 01% to 1%. Tho f l ow rato and prossuro aro 
ma i ntainod accord i ng to that of H 2 (1/p) to aohiovo those dos i rod mo l o fract i ons . 

49. (Original) The laser of claim 1 further comprising a catalyst cell, a 
catalyst, and a source of hydrogen to catalyze the formation of hydrogen to lower- 
energy states. 

50. (Withdrawn) The laser of claim 25 where the pumping power to form the 
inverted population is from at least one of the external power supply and the power 
released from the catalysis of atomic hydrogen to lower-energy states. 

51 . (Original) The laser of claim 6 wherein energetic particles are formed 
by the catalysis of atomic hydrogen. 

52. (Original) The laser of claim 6 wherein the pumping excitation for the 
formation of the inverted population or the excitation of the activator is due to collisions 
with energetic particles formed by the catalysis of atomic hydrogen. 

53. (Original) The laser of claim 1 comprising a source of H 2 (1/p). 

54. (Withdrawn) The laser of claim 25 wherein H 2 (1/p) is generated insitu 
from the catalysis of hydrogen to lower-energy states given by 

E g2 13.598 eV 

* t?M£ji B n 2 

111 1 

"2-3'4-V PSm 
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which further react to form H 2 (1/p). 

55. (Withdrawn) The laser of claim 25 wherein the catalysis cell is also the 
laser cavity. 

56. (Withdrawn) The laser of claim 25 wherein the reactor comprises a 
source of hydrogen; one of a solid, molten, liquid, and gaseous source of catalyst; a 
vessel containing hydrogen and the catalyst wherein the reaction to form lower-energy 
hydrogen occurs by contact of the hydrogen with the catalyst; and a means for providing 
the lower-energy hydrogen product H 2 (1/p) to the laser cavity to comprise the laser 
medium. 

57. (Withdrawn) The laser of claim 25 wherein the formation of the inverted 
population is due to at least one of input power and catalysis of atomic hydrogen to 
lower-energy states, H 2 (1/p) is formed insitu due to the catalysis of atomic hydrogen, 
the catalysis cell serves as the laser cavity, and an inverted population may be formed 
due to at least one of catalysis of atomic hydrogen and input power. 

58. (Original) The laser of claim 1 further comprising a catalyst-hydrogen 
mixture to achieve at least one of the formation of H 2 (1/p) and the formation of an 
inverted vibration-rotational population of H 2 (1/p). 

59. (Withdrawn - Currently Amended) The laser of claim 25 wherein the 
pressure of a mixture of a source of catalyst and atomic hydrogen source is maintained 
in the range of about 0.1 mTorr to 1 0,000 Tor r, preferably tho pressure i n tho rango of 
10 mTorr to 5000 Torr; moro proforab l y, tho prossuro is in tho rango of 100 Torr to 2000 
Torr, and most proforably, tho pressure is i n tho rango of 500 Torr to 1 000 Torr . 
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60. (Withdrawn - Currently Amended) The laser of claim 25 wherein the flow 
rate of the mixture of a source of catalyst and atomic hydrogen source i s proforably 
ranges from about 0-1 standard liters per minute per cm 3 of vessel volume and moro 
proforably about 0.001 10 seem por cm 3 of vosso l vo l umo . 

61 . (Withdrawn - Currently Amended) The laser of c l aims claim 1 and or 25 
wherein the power density of the source of pumping power such as tho o l octron boam 
powor is proforably i n tho rang o of ranges from about 0.01 W to about 1 00 W/cm 3 
vessel volume ; moro proforably it is in th o rango of about 0.1 to 1 0 W/cm 3 vossol 

VOlUfflQ 

62. (Withdrawn - Currently Amended) The laser of claim 25 wherein the mole 
fraction of hydrogen in the catalyst-hydrogen gas i s in tho rango of ranges from 0.001% 
to 90%. Proforab l y i t i s i n tho rango of about 0. 01% to 10%, and most preferab l y i t is i n 
tho rango of about 0. 1% to 5%. Tho molo fraction of activator gas i s i n tho rango of 0. 
001% to 00%. Proforab l y i t is i n tho rango of about 0. 01% to 10%, and most proforab l y 
i t is i n tho rango of about 0. 01% to 1% . 

63. (Withdrawn - Currently Amended) The laser of claim 62 wherein, the flow 
rate and pressure are maintained according to that of catalyst- hydrogen mixture to 
achieve these the desired mole fract i ons fraction . 

64. (Withdrawn - Currently Amended) The laser of claim 25 wherein the 
source of catalyst is chosen from helium, neon, and argon, and the catalyst is chosen 
from He + , Ne + , Ne + /H + of and Ar + . 
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65. (Withdrawn - Currently Amended) A laser comprising a laser cavity, cavity 
mirrors, and a source of applied power to maintain a hydrogen catalysis reaction and 
an internal power source comprising a cell for the catalysis of atomic hydrogen to form 
novel hydrogen species and/or compositions of matter comprising new forms of 
hydrogen, and wherein at least one of the power from catalysis and an external power 
source maintains H 2 (1/ p) in an excited vibration-rotational state from which stimulated 
emission may-occurs. 

66. (Currently Amended) A light source comprising: 

a lightemitting medium comprising H 2 (1/p) where p is an integer and 1 < p < 137, 
a cavity comprising the light-emitting medium , and 

a power source to caus e th o o miss i on of li ght from an produce and maintain the 
energy level of H ? (1/p) for emission of light . 

67. (Currently Amended) The light source of claim 66 wherein the 
emission is due to at least one of the transitions P(1), P(2), P(3), P(4), P(5), and P(6) of 
and R(0) of 1-1(1/4) at about 154.94 nm, 159.74 nm, 165.54 nm, 171. 24 nm, 178.14 nm, 
183.14 nm, and 146.84 nm, respectively, and transitions between these corresponding 
states. 

68. (Withdrawn) The compound of claim 25 comprising 

(a) at least one neutral, positive, or negative increased binding energy hydrogen 
species having a binding energy 

(i) greater than the binding energy of the corresponding ordinary hydrogen 

species, or 
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(ii) greater than the binding energy of any hydrogen species for which the 
corresponding ordinary hydrogen species is unstable or is not observed 
because the ordinary hydrogen species binding energy is less than 
thermal energies at ambient conditions, or is negative; and 
(b) at least one other element. 

69. (Withdrawn) A compound of claim 25 or 68 characterized in that the 
increased binding energy hydrogen species is selected from the group consisting of H n , 
Hn'and H n + where n is a positive integer, with the proviso that n is greater than 1 when 
H has a positive charge. 

70. (Withdrawn) A compound of claim 25 characterized in that the increased 
binding energy hydrogen species is selected from the group consisting of 

(a) hydride ion having a binding energy that is greater than the binding of 
ordinary hydride ion (about 0.8 eV) for p = 2 up to 23 in which the binding energy is 
represented by 



where p is an integer greater than one, s =1/2, n is pi, h is Planck's constant bar, |a 0 is 
the permeability of vacuum, m e is the mass of the electron, ^ e is the reduced electron 
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mass given by n e 



- J — where m p is the mass of the proton, a H is the radius of the 



hydrogen atom, a 0 is the Bohr radius, and e is the elementary charge; 

(b) hydrogen atom having a binding energy greater than about 13.6 eV; 

(c) hydrogen molecule having a first binding energy greater than about 15.3 eV; 

and 

(d) molecular hydrogen ion having a binding energy greater than about 16.3 eV. 

71 . (Withdrawn) A compound of claim 70 characterized in that the increased 
binding energy hydrogen species is a hydride ion having a binding energy of about 3, 
6.6, 1 1 .2, 1 6.7, 22.8, 29.3, 36.1 , 42.8, 49.4, 55.5, 61 .0, 65.6, 69.2, 71 .6, 72.4, 71 .6, 
68.8, 64.0, 56.8, 47.1, 34.7, 19.3, and 0.69 eV. 

72. (Withdrawn) A compound of claim 71 characterized in that the increased 
binding energy hydrogen species is a hydride ion having the binding energy: 



Binding Energy = 



h 2 Js(s+J) W 2 fe 2 



Q 2 {l + Js(s+l) 

Ip — 



p 



where p is an integer greater than one, s =1/2, n is pi, h is Planck's constant bar, |oo is 
the permeability of vacuum, m e is the mass of the electron, |a e is the reduced electron 
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mass given by n e = p — where m p is the mass of the proton, a H is the radius of the 



hydrogen atom, a 0 is the Bohr radius, and e is the elementary charge. 

73. (Withdrawn) A compound of claim 25 characterized in that the increased 
binding energy hydrogen species is selected from the group consisting of 

13 6 eV 

(a) a hydrogen atom having a binding energy of about — — — where p is an 



integer, 

(b) an increased binding energy hydride ion (N) having a binding energy of about 



where p is an integer greater than one, s =1/2, n is pi, h is Planck's constant bar, no is 
the permeability of vacuum, m e is the mass of the electron, \i B is the reduced electron 

mass given by /u e = p — where m p is the mass of the proton, a H is the radius of the 



V 



hydrogen atom, a 0 is the Bohr radius, and e is the elementary charge; 
(c) an increased binding energy hydrogen species H 4 + (1/p); 
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(d) an increased binding energy hydrogen species trihydrino molecular ion, 
H 3 + (1/p), having a binding energy of about where p is an integer, 

i~p) 

(e) an increased binding energy hydrogen molecule having a binding energy of 

u . 15.3 
about ; and 

(f) an increased binding energy hydrogen molecular ion with a binding energy of 
about i*4r 

(;) 

74. (Withdrawn - Currently Amended) The cata l yst of c l a i m 25 laser of claim 
1 , further comprising a catalyst comprising a chemical or physical process that provides 
a net enthalpy of m-27.2 ± 0.5 eV where in m is an integer or m/2-27.2 ± 0.5 eV where 
m is an integer greater than one. 

75. (Withdrawn - Currently Amended) The cata l yst of c l a i m 25 laser of claim 
74. wherein said catalyst that provides a net enthalpy of m-27.2 ± 0.5 eV where m is an 
integer or m/2-27.2 ± 0.5 eV where m is an integer greater than one corresponding to a 
resonant state energy level of the catalyst that is excited to provide the enthalpy. 

76. (Withdrawn - Currently Amended) The co ll of c l aim 25 laser of claim 74. 
wherein said catalyst comprises a catalytic system is-provided by the ionization of t 
electrons from a participating species such as an atom, an ion, a molecule, and an ionic 
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or molecular compound to a continuum energy level such that the sum of the ionization 
energies of the r electrons is approximately m-27.2 ± 0.5 eV where m is an integer or 
m/2-27.2 ± 0.5 eV where m is an integer greater than one and t is an integer. 

77. (Withdrawn - Currently Amended) The plasma coll of claim 25 laser of 
claim 74. wherein the catalyst is provided by the transfer of t electrons between 
participating ions; the transfer of t electrons from one ion to another ion provides a net 
enthalpy of reaction whereby the sum of the ionization energy of the electron donating 
ion minus the ionization energy of the electron accepting ion equals approximately 
m-27.2 ± 0.5 eV where m is an integer or m/2-27.2 ± 0.5 eV where m is an integer 
greater than one and t is an integer. 

78. (Withdrawn - Currently Amended) The catalyst of c l a i ms 74, 75, 76, and 
77 whoroin proforab l y laser of claim 74, wherein m is an integer less than 400. 

79. (Withdrawn - Currently Amended) The catalyst of c l a i m 75 laser of claim 
74, said catalyst comprising He+ which absorbs 40.8 eV during the transition from the n 
= 1 energy level to the n = 2 energy level which corresponds to 3/2-27.2 eV (m=3) that 
serves as a catalyst for the transition of atomic hydrogen from the n = 1 (p = 1 ) state to 
the n = 1/2 (p = 2) state. 

80. (Withdrawn - Currently Amended) The cata l yst of c l aim 25 laser of claim 
74, said catalyst comprising Ar 2 * which absorbs 40.8 eV and is ionized to Ar 3+ which 
corresponds to 3/2-27.2 eV (m = 3) during the transition of atomic hydrogen from the n = 
1 (p = 1) energy level to the n = 1/2 (p = 2) energy level. 
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81 . (Withdrawn - Currently Amended) The cata l yst of cla i m 25 laser of claim 
74. said catalyst comprising at least one of Li, Be, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 
Zn, As, Se, Kr, Rb, Sr, Nb, Mo, Pd, Sn, Te, Cs, Ce, Pr, Sm, Gd, Dy, Pb, Pt, He + , Na + , 
Rb + , Sr + , Fe 3+ , Mo 2+ , Mo 4+ , and ln 3+ . 

82. (Withdrawn - Currently Amended) A cata l yst of atomic hydrogon of c l a i m 
2§ laser of claim 74. wherein said catalyst is capable of providing a net enthalpy of 
m-27.2 ± 0.5 eV where m is an integer or m/2-27.2 ± 0.5 eV where m is an integer 
greater than one A and capable of forming a hydrogen atom having a binding energy of 

13 6eV 

about ' where p is an integer wherein the net enthalpy is provided by the breaking 

of a molecular bond of the catalyst and the ionization of t electrons from an atom of the 
broken molecule each to a continuum energy level such that the sum of the bond 
energy and the ionization energies of the t electrons is approximately m-27.2 ± 0.5 eV 
where m is an integer or m/2-27.2 ± 0. 5 eV where m is an integer greater than one. 

83. (Withdrawn - Currently Amended) The cata l yst laser of claim 82 wherein 
the catalyst comprises compris i ng at least one of C 2 , N 2) 0 2 , C0 2 , N0 2 , and N0 3 . 

84. (Currently Amended) The laser e atalvst-of claim 1 , further comprising 
a catalyst comprising a molecule in combination with an ion or atom cata l yst . 

85. (Currently Amended) The cata l yst laser combinat i on of claim 84^ 
wherein the catalyst comprises compr i sing at least one molecule so l octod from tho 
group of chosen from Co. N 2 , 0 2 , C0 2 , N0 2 , and N0 3 in combination with at least one 
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atom or ion soloctod from tho group of chosen from Li. Be, K, Ca, Ti, V, Cr, Mn, Fe, Co, 
Ni, Cu, Zn, As, Se, Kr, Rb, Sr, Nb, Mo, Pd, Sn, Te, Cs, Ce, Pr, Sm, Gd, Dy, Pb, Pt, Kr, 
He + , Na\ Rb + , Sr + , Fe 3 + , Mo 2 + , Mo 4 + , ln 3 + , He\ Ar + , Xe + , Ar 2 + af^Vand-Ne + A and H + . 

86. (Withdrawn) The catalyst of claim 25 comprising helium excimer, Ne 2 *, 
which absorbs 27.21 eV and is ionized to 2Ne + , to catalyze the transition of atomic 
hydrogen from the (p) energy level to the (p + 1) energy level given by 

27.21 eV + N^ *+//^J^2iV^ + ^^^j + [(/? + l) 2 -/? 2 ]X13.6 eV 
2Ne + -*Ne 2 * +27.21 eV 
Andr -and the overall reaction4s 

wherein a H is the radius of an ordinary hydrogen atom, and p < 137. 

87. (Withdrawn) The catalyst of claim 25 comprising helium excimer, He 2 *, 
which absorbs 27.21 eV and is ionized to 2He + , to catalyze the transition of atomic 
hydrogen from the (p) energy level to the (p + 1) energy level given by 

27.21 eV + He 2 *+H^^->2He+ +2^-^J+[(/>+l) 2 eV 
IHe+^Het* +27.21 eV 
Andr -and t he overall reaction-is 

4^] -* - p2]xn - 6 ev 
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88. (Withdrawn) The catalyst of claim 25 comprising two hydrogen atoms 
which absorbs 27.21 eV and is ionized to 2H + , to catalyze the transition of atomic 
hydrogen from the (p) energy level to the (p + 1) energy level given by 

27.21 eV+2i*j^J+ tfJ^J -*2H+ + 2e' + jfj-^J + [( p+ i) 2 - p 2 ]X13.6 eV 
2ft + 2e~ ~> 2fl^*J+ 27.21 eV 
And, the overall reaction is 

^]"4(^i)] +I(p+1)2 - , ' 1X13 - 6eV 

89. (Withdrawn) A catalytic disproportionation reaction of atomic hydrogen 
wherein lower-energy hydrogen atoms, hydrinos, can act as catalysts because each of 
the metastable excitation, resonance excitation, and ionization energy of a hydrino atom 
is m X 27.2 eV. 

90. (Withdrawn) The catalytic reaction of claim 66 of a first hydrino atom to a 
lower energy state affected by a second hydrino atom involves the resonant coupling 
between the atoms of in degenerate multipoles each having 27.21 eV of potential 
energy. 

91 . (Withdrawn) The catalytic reaction of claim 89 wherein the energy 
transfer of m X 27.2 eV from the first hydrino atom to the second hydrino atom causes 
the central, field of the first atom to increase aH by m and its electron to drop m levels 

lower from a radius of ^- to a radius of 

p p + m 
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92. (Withdrawn) The catalytic reaction of claim 89 wherein the second 
interacting lower-energy hydrogen is either excited to a metastable state, excited to a 
resonance state, or ionized by the resonant energy transfer. 

93. (Withdrawn) The catalytic reaction of claim 89 wherein the resonant 
transfer may occur in multiple stages. 

94. (Withdrawn) The catalytic reaction of claim 93 wherein a nonradiative 
transfer by multipole coupling may occur wherein the central field of the first increases 

by m, then the electron of the first drops m levels lower from a radius of — to a radius 

P 

of with further resonant energy transfer. 

p + m 

95. (Withdrawn) The catalytic reaction of claim 89 wherein the energy 
transferred by multipole coupling may occur by a mechanism that is analogous to 
photon absorption involving an excitation to a virtual level. 

96. (Withdrawn) The catalytic reaction of claim 89 wherein the energy 
transferred by multipole coupling during the electron transition of the first hydrino atom 
may occur by a mechanism that is analogous to two photon absorption involving a first 
excitation to a virtual level and a second excitation to a resonant or continuum level. 

97. (Withdrawn) A catalytic reaction with hydrino catalysts for the transition of 

— to H\ induced by a multipole resonance transfer of m-27.21 eV and a 

IP] LP + m] 
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transfer of [(p 1 ) 2 - (p'-m') 2 ]z l3.6eV -m ■ 27.2eV with a resonance state of H\ 

Lp'-i»'J 



excited in //"MM is represented by 



4^] + 4^] +[((p+m)2_pj) -^ M, '- n,,)i ) Ri3 - 6ev 

where p, p', m, and m' are integers. 

98. (Withdrawn) The catalytic reaction with hydrino catalysts wherein a 

hydrino atom with the initial lower-energy state quantum number p and radius ^- may 

P 

undergo a transition to the state with lower-energy state quantum number (p+m) and 

radius — ^ — by reaction with a hydrino atom with the initial lower-energy state 

(p + m) 

quantum number m', initial radius and final radius a H that provides a net enthalpy 

of m-27.2 ± 0.5 eV where m is an integer or m/2-27.2 ± 0.5 eV where m is an integer 
greater than one. 

99. (Withdrawn) The catalytic reaction of claim 98 of hydrogen-type atom, 
H \^P~\ ' W ' th nydr ° 9en " type atom ' ^p^-J > tnat is 'O niz ed by the resonant energy 
transfer to cause a transition reaction is represented by 
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m X 27.21 eV + jaJStJ + -» 

# + + *~ + + l(P + w) 2 " -{nf 2 -2m)]X\3.6 eV 

And, the overall reaction is 

H^J+/^^^j+[2/>w+m 2 »^ 2 ]X13.6 eV + 13.6 eV 

1 00. (Withdrawn) The cell for the catalysis of atomic hydrogen of claim 25 
wherein the catalyst comprises a mixture of a first catalyst and a source of a second 
catalyst. 

1 01 . (Withdrawn) The mixture of a first catalyst and a source of a second 
catalyst of claim 100 wherein the first catalyst produces the second catalyst from the 
source of the second catalyst. 

1 02. (Withdrawn) The first catalyst of claim 1 01 that produces the second 
catalyst from the source of the second catalyst wherein the energy released by the 
catalysis of hydrogen by the first catalyst produces a plasma in the energy cell. 

1 03. (Withdrawn) The first catalyst of claim 1 01 that produces the second 
catalyst from the source of the second catalyst wherein the energy released by the 
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catalysis of hydrogen by the first catalyst ionizes the source of the second catalyst to 
produce the second catalyst. 

104. (Withdrawn) A laser comprising: 

a plasma forming cell or reactor for the catalysis of atomic hydrogen producing 

power, 

a continuous stationary inverted H 2 (1/p) population where p is an integer and 1 < 
p < 137, and novel hydrogen species and compositions of matter comprising new forms 
of hydrogen, 

a source of catalyst, 

a source of atomic hydrogen, 

a controller to cause atomic hydrogen to react with atomic hydrogen to form 
lower-energy states given by 

e 2 13.598eV 



n 2 87r£ 0 a fI 



- and H 2 (1/p) 



1111 
n = -,-,-,...,— ; p< 137, and 
2 3 4 p 

a means to form and output a laser beam. 

105-137. (Cancelled) 

1 38. (Withdrawn - Currently Amended) A laser comprising: 
a plasma forming cell or reactor for the catalysis of atomic hydrogen producing 
power, a continuous stationary inverted population with energy levels given by 



-25- 



Application No. 10/575,345 
Attorney Docket No. 08056.001 4-00 

p 2 (0.515 ± 0.151) eV where p is an integer and novel hydrogen species and 
compositions of matter comprising hydrogen, 

a source of catalyst, 

a source of atomic hydrogen, 

a controller to cause atomic hydrogen to react with atomic hydrogen to cause 
EUV emission lines with energies of q-13.6 eV where q is an integer, and 
a means to form and output a laser beam. 

1 39. (Withdrawn) The laser of claim 25 further comprising a means to provide 
water vapor to the plasma and a means to remove hydrogen and oxygen dissociated 
from the water vapor by the plasma such that the gases are collected as industrial 
gases. 

140. (Withdrawn) The laser of claim 25 further comprising an electron beam 
from a gun wherein the beam energy is tunable and the free electrons serve as the 
catalyst wherein the free electrons undergo an inelastic scattering reaction with 
hydrogen atoms. 

Claims 141-147. (Cancelled) 

1 48. (Withdrawn) A light source comprising: a light emitting state of any lower- 
energy hydrogen species; and a power source to form the light emitting state. 

1 49. (New) The laser of claim 3 wherein the vibration-rotational excitation 
occurs by at least one of a direct collisional excitation and an energy exchange with an 
excited state species. 
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1 50. (New) The laser of claim 5 wherein at least one of the direct excitation and 
the excitation of the activator occurs by collision with an energetic particle. 
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